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ABSTRACT. The water quality parameters of Çubuk Stream were examined in 
terms of physical and chemical aspects and the pollution level of Çubuk Stream 
was determined by comparing these parameters with the Surface Water Quality 
Regulation (SWQR). For this purpose; samples were taken from three different 
stations between August 2012 and April 2013, the water samples were compared 
with each other and with previous studies, the water quality of Çubuk Stream was 
determined according to the surface water quality regulation. In our study, the 
biological oxygen requirement of Çubuk Stream according to SWQR (BOD5: 
22.5mg/l) IV. class, ammonium nitrogen element (NH4–N:2.34 mg/l) IV. class, 
nitrite nitrogen element (NO2–N: 0.035 mg/l) II. class, nitrate nitrogen element 
(NO3 –N:0.95 mg/l) Class I, according to phosphate value (PO4:0.075 mg/l) 
Class I and trace elements (Pb, Cd, Cr, Ni, Mn) values Class I. water quality. 
According to the ratio of NH4-N/PO4 (2.34/0.075=31.2 mg/l), the element that 
limits eutrophication in Çubuk Stream is P. Compared to previous studies, after 
the wastewater treatment plants established in the region, higher quality water is 
provided, especially in terms of NO3 and PO4. It has been determined that the 
nitrogen and phosphorus ratios are high because the region, which is dense in 
terms of organic matter, is close to industrial establishments. 

 

1.  

Water is one of the indispensable elements of our life. Besides being an 
important inorganic nutrient, water; as a good solvent and carrier, minerals 
and compounds play an active role in the realization of all kinds of 
biochemical reactions in our body [1]. Therefore, a life without water is not 
possible. Water concerns the living thing and everything it affects. Although 
the fact that 75% of our earth is covered with water shows that the world has 
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a large water reserve, the rate of drinkable water is only below 1%. As of 
1765, while the industrial revolution was in its infancy, the world population 
reached 1 billion, 2.5 billion in the last quarter of the 20th century, and 8.5 
billion towards 2020.  

The increase in the population in our world, the rapid development of 
industry and technology, as well as the inability to establish or spread 
environmental awareness sufficiently, cause the amount of potable water in 
the world to decrease gradually. In addition, it is inevitable that irreparable 
ecological problems occur due to unconscious pollution of potable water 
density [2]. It is predicted that a universal water crisis will emerge with the 
increase in the required water density and the intersection of clean water 
reserves in 2030 according to the estimates [3]. In recent years, studies have 
been carried out especially for the monitoring of freshwater resources. This 
is an indication that the importance of water in today's world has become 
very important on a global scale [4]. 

Excessive algae growth in water occurs when nutrient elements such as 
nitrogen and phosphate coming from wastewater mixed with rivers, 
especially from agricultural soils by drainage and rain water, reach the 
maximum level (0.8 mg/l N [nitrogen] and 0.1 mg/l P [phosphorus]). This is 
called secondary pollution or eutrophication [5]. Nitrogen in water is mostly 
in the form of ammonium, nitrite and nitrate. In waters with high oxygen 
content, ammonium is found at very low levels. Ammonium nitrogen is the 
waste material of living things in aquatic ecosystems and can be reabsorbed 
by these organisms [6]. Nitrite is an intermediate in the biological oxidation 
from ammonium to nitrate. It is known that nitrite rate is low in clean 
surface waters and high in polluted surface waters [7]. Nitrate, the most 
common form of nitrogen in surface waters, occurs in oxygen-rich waters. 
Nitrate is an important element that can limit or increase the growth of algae. 
Nitrogen content is low in oligotrophic waters and quite high in eutrophic 
waters [8]. Phosphorus, which affects the productivity of natural waters and 
is one of the most basic elements of eutrophication, has a limiting effect on 
the growth of autotrophic and heterotrophic organisms. It also gives 
information about the presence of phosphorus, organic matter mixed with 
water and the presence of household waste. Depending on the presence of 
detergent in household wastes and the organic metabolism in the water, 
changes are seen in the phosphorus ratio. Phosphorus is found in trace 
amounts in uncontaminated waters [9-11]. 

The aim of this study; to determine the extent of the pollution of Çubuk 
Stream, which is an important water source for Ankara, to compare the 
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situation before and after the establishment of treatment plants in the region 
according to physical and chemical parameters, to determine which element 
is limited by the system by looking at the nitrogen and phosphorus amounts 
of the eutrophication event observed in Çubuk Stream. In addition, the 
results of the research are important for the control of Çubuk Stream water 
pollution, by determining the factors causing pollution, ensuring that these 
factors are brought to normal standards by taking into account the interests 
of the country's economy, in the development of other studies and in terms 
of its contribution to the scientific literature. 

 
1.1. Geographical structure of the region 

Çubuk Stream is an important water source for Ankara. Located in the north 
of the city center of Ankara, this stream crosses the Ankara plain between 
40°00' - 40°18' latitudes and 32°53' - 33°08' longitudes. The Çubuk Stream, 
which originates in two branches from the Aydos Mountains within the 
Köroğlu Mountain mass and continues to the south, is 84 km long and is 
located in the Sakarya River Basin. The total precipitation area of the basin 
is 58160 km² [12] (SHW [State Hydraulic Works], 2006). The Çubuk 
Stream, which passes through Çubuk district center, divides the district into 
two. Although there are many side streams that mix with the stream, the 
Çubuk Stream has an average flow of 0.5 m³/sec, since they do not have 
much water. The heaviest time of the Çubuk Stream is in late spring and the 
heaviest time is late summer and early autumn. Summers in the region are 
hot and dry, and winters are cold and rainy. The lowest recorded temperature 
is -21.5 0C, and the hottest temperature is 37.7 0C. Rain averages are 472 
mm³ [13]. 

 

2.1. Determination of Physical and Chemical Parameters of Water 

Water samples were taken from 3 different stations on Çubuk Stream in 
August 2012, November 2012, January 2013 and April 2013. While 
determining the parameters in this study, the water quality parameters based 
on the SWQR [14,15] quality criteria were considered. Biological oxygen 
demand from oxygenation parameters; nutrient parameters such as 
ammonium, nitrite and nitrate nitrogen, and the amount of phosphate; among 
the trace elements, parameter values such as cadmium, lead, copper, nickel 
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and zinc were examined. With these values, quality criteria were made 
according to the classes of inland surface water resources. 

After the Karaköy and Çubuk Wastewater Treatment plants were opened in 
2009, no study was conducted on Çubuk Stream. Therefore, because of this 
study, the parametric values of the base stations were compared with the 
studies before 2009. N and P amounts were determined in the studied 
stations of Çubuk Stream and it was revealed which of the N and P elements 
that caused the eutrophication event had a limiting effect. Physical and 
chemical parameters such as pH, EC, BOD5, B, PO4 -P, SO4, S, CN, Zn, 
NH4-N, Al, Fe, NO2-N, NO3-N, Cl, F, ˚F, Cu, Pb, Cd, Cr, Ni, Mn were 
analyzed. Physical parameters were analyzed with Multi Parameter Water 
Quality Meter WQC-24, chemical parameters were analyzed with The 
Spectroquant NOVA 60 photometers. 

 
2.2. Selection and Definition of Water Sample Stations 

In order to analyze the physical and chemical parameters, water samples 
were collected from 0.5-liter unused sterile water bottles, approximately 5 
cm from the surface of the water; it was taken from the widening parts of the 
Çubuk Stream bed where the current is low, and the water seems clear. 

Station 1 is the exit of Çubuk 2 Dam. Çubuk 2 Dam was established on 
Çubuk Stream, 54 km north of Ankara, 5 km north of Çubuk, in a place 
where the valley is relatively narrow to meet the water needs of the city. 
There are many factories in the area after the 1st station. There are feed-food 
industry, flour industry, tile industry, concrete pipe and parquet, glass 
industry, pharmaceutical industry and agriculture areas as well as 
slaughterhouses. 

In the region where factories are concentrated between the 1st station and the 
2nd station, there is Çubuk Wastewater Treatment Plant. This facility was 
put into service in 2009 in order to treat the wastewater of Çubuk district and 
its neighborhoods. 

2nd station: It was taken from an Ülker factory near the Akyurt district of 
Ankara, in the Pursaklar-Saray region on the Esenboğa airport road. There 
are many slaughterhouses in this region. There is Karaköy Wastewater 
Treatment Plant between the 2nd station and the 3rd station. Located in 
Karaköy, this facility; It treats the wastewater of a part of the Pursaklar 
district, Akyurt district and Esenboğa, Sirkeli, Karacaören, Altınova and 
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Sarayköy districts, as well as the surrounding neighborhoods and 
settlements. It was put into service in 2009 [13].   

3rd station: it was taken from Torunoğlu concrete pipe industry zone from 
the lower side of Keçiören-Hasköy Bridge. Next to this area is Erdemler 
furniture factory. It is a residential area. The bottom of the stream is covered 
with mud. 

 
  

Measurements of physical and chemical parameters of Çubuk Stream are 
given in Table 1-5. 

 

Some physical and chemical properties of Çubuk Stream according to 
stations in August 2012 
 

Control 
Parameters 

First Station  Çubuk 
(Dam Exit) 

Second Station    Saray-
Esenboğa Road 

Third Station 
Kecioren-Haskoy 

EC µS/cm 319 1247 1256 

pH  7.75 7.17 7.11 

BOD5 15 24 47 

B (μg /L) 0.12 8.5 0.31 

P04  (mg/l) 0.07 0.09 0.09 

SO4˭ (mg/l) 130.2 141.1 132.22 

S (mg/l) 0.035 0.285 10.05 

CNˉ  (μg /L) 0.006 0.006 0.008 

Zn (mg/l) 0.24 0.41 0.47 

NH4  -N (mg/l) 0.07 0.27 1.14 

Al  (mg/l) 0.01 0.01 0.01 

Fe  (mg/l) 0.12 0.42 0.60 

NO2 -N  (mg/l) 0.03 0.01 0.01 

NO3 –N (mg/l) 1.6 1 1.4 

Clˉ (mg/l) 11 204 136 

Fˉ (mg/l) <0.1 0.11 0.07 

˚F (Fr) 0.01 0.01 0.01 

Cu (μg/L) 0.870 0.144 0.310 

Pb  (μg/L) 0.250 0.250 0.873 

Cd  (μg/L) 0.02 0.02 0.03 

Cr  (μg /L) 0.12 0.38 0.44 

Ni  (μg/L) 0.46 0.34 0.74 

Mn (mg/l) 0.74 0.34 0.46 
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Some physical and chemical properties of Çubuk Stream according to 
stations in November 2012 
 

Control 
Parameters 

First Station 
Çubuk (Dam Exit) 

Second Station Saray-
Esenboğa Road 

Third Station 
Keçioren-Haskoy 

EC µS/cm 317 918 1166 
pH  8.04 7.72 7.51 
BOD5 9 29 45 
B (μg/L) 0.1 0.15 0.17 
P04  (mg/l) 0.075 0.08 0.09 
SO4 ̿ (mg/l) 16.02 38.2 91.2 
S(mg/l) 0.035 0.027 0.037 
CNˉ  (μg/L) 0.005 0.003 0.004 
Zn (mg/l) 0.39 2.55 0.87 
NH4 -N (mg/l) 0.44 3.81 3.54 
Al  (mg/l) 0.01 0.01 0.01 
Fe  (mg/l) 0.33 0.10 0.14 
NO2  -N (mg/l) 0.04 0.59 0.02 
NO3 -N(mg/l) 0.1 3.4 0.10 
Clˉ (mg/l) 21 98 102 
Fˉ (mg/l) 0.26 0.29 0.10 
˚F (Fr) 20 32 30 
Cu (μg/L) 0.01 0.01 0.01 
Pb  (μg/L) 0.040 0.026 0.144 
Cd  (μg/L) <0.1 <0.1 <0.1 
Cr  (μg/L) 0.02 0.02 0.03 
Ni  (μg/L) 0.12 0.12 0.12 
Mn (mg/l) 0.02 0.05 0.02 

 
Some physical and chemical properties of Çubuk Stream according to 

stations in January 2013 
 

Control 
Parameters 

First Station  Çubuk 
(Dam Exit) 

Second Station Saray-
Esenboğa Road 

Third Station 
Kecioren-Haskoy 

EC µS/cm 258 916 1092 
pH 7.8 7.7 7.2 
BOD5 8 18 40 
B (μg/L) 0.09 0.13 0.17 
P04  (mg/l) 0.07 0.07 0.07 
SO4 ̿ (mg/l) 14.02 36.3 82.4 
S (mg/l) 0.035 0.027 0.035 
CNˉ  (μg/L) 0.02 0.02 0.03 
Zn (mg/l) 0.36 2.50 0.91 
NH4  -N(mg/l) 0.56 3.9 3.63 
Al  (mg/l) 0.02 0.02 0.01 
Fe  (mg/l) 0.10 0.10 0.10 
NO2-N (mg/l) 0.05 0.55 0.02 
NO3 -N (mg/l) 0.1 3.1 0.9 
Clˉ (mg/l) 10 62 94 
Fˉ (mg/l) 0.25 0.25 0.10 
˚F (Fr) 20 32 30 
Cu (μg/L) 0.01 0.01 0.01 
Pb  (μg/L) 0.040 0.026 0.144 
Cd  (μg/L) <0.1 <0.1 <0.1 
Cr  (μg/L) 0.02 0.02 0.02 
Ni  (μg/L) 0.12 0.12 0.12 
Mn (mg/l) 0.02 0.05 0.02 
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Some physical and chemical properties of Çubuk Stream according to 
stations in April 2013 
 

Control 
Parameters 

 

First Station  Çubuk 
(Dam Exit) 
 

Second Station Saray- 
Esenboğa Road 
 

Third Station 
Keçioren-Haskoy 
 EC µS/cm 280 964 1102 

pH 7.9 7.7 7.3 
BOD5 8 21 40 
B (μg/L) 0.1 0.14 0.21 
P04 (mg/l) 0.06 0.07 0.07 
SO4˭ (mg/l) 73.6 81.7 110.3 
S (mg/l) 0.030 0.14 3.02 
CNˉ  (μg/L 0.006 0.006 0.008 
Zn (mg/l) 0.30 2.45 0.62 
NH4  -N (mg/l) 0.60 3.90 3.70 
Al  (mg/l) 0.02 0.01 0.01 
Fe  (mg/l) 0.22 0.10 0.12 
NO2  -N (mg/l) 0.06 0.33 0.02 
NO3  -N (mg/l) 0.4 2.5 0.8 
Clˉ (mg/l) 15 83 85 
Fˉ (mg/l) <0.1 0.21 0.10 
˚F (Fr) 0.01 0.01 0.01 
Cu (μg/L) 0.04 0.01 0.01 
Pb  (μg/L) 0.097 0.074 0.320 
Cd  (μg/L) <0.1 <0.1 <0.1 
Cr  (μg/L) 0.01 0.01 0.02 
Ni  (μg/L) 0.10 0.11 0.11 
Mn (mg/l) 0.02 0.07 0.02 

 

Çubuk Stream; comparison with water quality parameters SWQR 2015 
 

Parameters 
                Water Quality Classes             

Çubuk Stream  
(Average value) 

          I          II          III  
pH 6.5-8.5 6.5-8.5 6.5-8.5 7.7 

PO4 (mg/l) 0.03 0.20 0.50 0.075 

NO2 (mg/l) <0.01 0.06 0.12 0.035 

NO3 (mg/l) 5 7.5 15 0.95 

NH4 (mg/l) <0.2 1 2 2.34 

 
The comparison of the pollution parameters of Çubuk Stream taken from 
approximately the same location [16] from the water analyzes before and 
after the opening of the wastewater treatment plants is shown in Table 6. 
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Average annual values of some physical and chemical parameters 
before and after the establishment of the wastewater plant. 
 

Control 
Parameters 

Second  
Station 
Saray-
Esenboğa 
road 

Third Station 
Keçiören- 
Hasköy  

Çubuk and 
Karaköy Before 
Waste Water 
Treatment Plant 

Çubuk and 
Karaköy After 
Waste Water 
Treatment Plant 

pH  7.7 7.25 8.42 7.475 
BOD5 21 42.5 12.60 31.75 
NH4  -N (mg/l) 3.855 3.585 3.52 3.72 
P04  (mg/l) 0.075 0.08 0.170 0.0775 

 
The comparison of the pollution parameters of Ankara Stream. The 
continuation of Çubuk Stream with our analysis is shown in Table 7 [17].  

Average annual values of some physical and chemical parameters of 
Ankara Stream and Çubuk Stream before and after the establishment of the 
wastewater plant 
 

Control Parameters 
Çubuk and Karaköy 

Before the Waste Water 
Treatment Plant Opens 

Çubuk and Karaköy 
After the Waste Water 
Treatment Plant Opens 

pH 7.35 7.7 
EC µS/cm 922 941 
NH4  -N (mg/l) 8.55 3.585 
Cl (μg/L) 76.65 90.5 
NO2 –N (mg/l) 0.0525 0.450 
BOD5 39 22.5 
PO4 (mg/l) 3.65 0.0775 

 
The average values of the physical and chemical parameters of the water 
samples taken in different seasons of Çubuk Stream in 2012 and 2013 are 
shown in Table 8. 

 
The median, minimum, maximum and standard deviation values of 

some physical and chemical properties according to the water samples taken from 
the Çubuk Stream in 2012-2013 
 

Control 
Parameters 

First Station                     
Average 

(Min-Max. ± Sd) 

Second Station                       
Average 

(Min-Mak. ± Sd) 

Third Station                             
Average 

(Min-Mak.±Sd) 

Çubuk Stream     
Average 

(Min-Mak.±Sd) 
EC µS/cm 298.5 (258-319 ± 29.6) 941 (916-1247 ± 158.7) 1134 (1092-1256 ± 75.4) 941 (258-1256 ± 404.14) 

pH 7.85 (7.75-8.04 ± 0.12) 7.7 (7.17-7.72 ± 0.268) 7.25 (7.11-7.51 ± 0.171) 7.7 (7.11-8.04 ± 0.309) 

BOD5 8.5 (8-15 ± 3.36) 22.5 (18-29 ± 4.69) 42.5 (40-47 ± 3.55) 22.5 (8-47 ± 14.61) 

B (μg/L) 0.1 (0.09-0.12 ± 0.12) 0.145 (0.13-8.5 ± 4.18) 0.19 (0.17-0.31 ± 0.066) 0.145 (0.09-8.5 ± 2.41) 
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Control 
Parameters 

First Station                     
Average 

(Min-Max. ± Sd) 

Second Station                       
Average 

(Min-Mak. ± Sd) 

Third Station                             
Average 

(Min-Mak.±Sd) 

Çubuk Stream     
Average 

(Min-Mak.±Sd) 
P04 -P (mg/l) 0.07 (0.06-0.075 ± 0.006) 0.075 (0.07-0.09 ± 0.01) 0.08 (0.07-0.09 ± 0.011) 0.075 (0.06-0.09 ± 0.009) 

SO4̿  (mg/l) 44.81 (14.02-130.2 ± 55.2) 59.95 (36.3-141.1 ± 49) 100.75 (82.4-132.2 ± 22) 82.05 (14.2-141.1 ± 44.8) 

S (mg/l) 0.035 (0.03-0.035 ± 0.005) 0.08 (0.02-0.28. ± 0.123) 1.525 (0.03-10.05 ± 4.7) 0.035 (0.02-10.05 ± 2.93) 

CNˉ  (μg/L) 0.006 (0.005-0.02 ± 0.007) 0.006 (0.003-0.02 ± 0.1) 0.008 (0.004-0.03 ± 0.1) 0.006 (0.003-0.03 ± 0.01) 

Zn (mg/l) 0.33 (0.24-0.39 ± 0.066) 2.475 (0.41-2.55 ± 1.04) 0.745 (0.47-0.91 ± 0.19) 0.545 (0.24-2.55 ± 0.924) 

NH4 -N(mg/l) 0.5 (0.07-0.6 ± 0.24) 3.855 (0.27-3.9 ± 1.8) 3.585 (1.14-3.7 ± 1.24) 2.34 (0.07-1.8 ± 1.709) 

Al  (mg/l) 0.015 (0.01-0.02 ± 0.005) 0.01 (0.01-0.02 ± 0.005) 0.01 (0.01-0.01 ± 0) 0.01 (0.01-0.02 ± 0.004) 

Fe  (mg/l) 0.17 (0.1-0.33 ± 0.105) 0.1 (0.1-0.42 ± 0.16) 0.13 (0.1-0.6 ± 0.24) 0.12 (0.1-0.33 ± 0.162) 

NO2 -N (mg/l) 0.045 (0.03-0.06 ± 0.012) 0.44 (0.01-0.59 ± 0.265) 0.02 (0.01-0.02 ± 0.005) 0.035 (0.01-0.59 ± 0.217) 

NO3 -N(mg/l) 0.25 (0.1-1.6 ± 0.714) 2.8 (1-3.4 ± 1.06) 0.85 (0.1-1.4 ± 0.535) 0.95 (0.1-3.4 ± 1.16) 

Clˉ (mg/l) 13 (10-21 ± 4.99) 90.5 (62-204 ± 63.24) 98 (85-136 ±22.27) 84 (10-204 ± 58.08) 

Fˉ (mg/l) 0.175 (0.01-0.26 ± 0.12) 0.23 (0.11-0.29 ± 0.077) 0.1 (0.07-0.1 ± 0.015) 0.105 (0.01-0.29 ± 0.091) 

 ˚F (Fr) 10.005 (0.01-20 ± 11.5) 16.005 (0.01-32 ± 18.46) 15.005 (0.01-30 ± 17.31) 10.005 (0.01-32 ± 14.78) 

Cu (μg/L) 0.025 (0.01-0.87 ± 0.425) 0.01 (0.01-0.144 ± 0.06) 0.01 (0.01-0.31 ± 0.15) 0.01 (0.01-0.87 ± 0.252) 

Pb  (μg/L) 0.065 (0.04-0.25 ± 0.099) 0.05 (0.026-0.25 ± 0.11) 0.232 (0.144-0.87 ± 0.3) 0.117 (0.026-0.87 ± 0.26) 

Cd  (μg/L) 0.1 (0.02-0.1 ± 0.04) 0.1(0.02-0.1 ± 0.04) 0.065 (0.01-0.1 ± 0.046) 0.1 (0.01-0.1 ± 0.039) 

Cr  (μg/L) 0.02 (0.01-0.12 ± 0.051) 0.02 (0.02-0.38 ± 0.18) 0.025 (0.02-0.44 ± 0.208) 0.02 (0.01-0.44 ± 0.151) 

Ni  (μg/L) 0.12 (0.1-0.46 ± 0.173) 0.12 (0.11-0.34 ± 0.111) 0.12 (0.11-0.74 ± 0.311) 0.12 (0.1-0.74 ± 0.2001) 

Mn (mg/l) 0.02 (0.02-0.74 ± 0.36) 0.06 (0.05-0.34 ± 0.14) 0.02 (0.02-0.46 ± 0.22) 0.035 (0.02-0.74 ± 0.235) 

 
The average electrical conductivity of Çubuk Stream varies according to the 
stations in 2012-2013 (Table 8). The first station Çubuk 2 Dam was 
measured at EC: 298.5 µS/cm. In terms of this feature, I. class quality water 
shows characteristics. In the sample taken from the 2nd station, Saray-
Esenboğa Road. EC was measured as 941 µS/cm. According to this value 
this station III. class water quality feature. The EC was measured as 
1134µS/cm in the water sample taken from the 3rd station Keçiören-Hasköy 
region. According to this feature, this station III. class water quality. 

The average EC of Çubuk Stream is 941 µS/cm. According to the average 
EC, Çubuk Stream II. class water quality characteristics. It has been 
observed that there are agricultural areas and greenhouse cultivation around 
the water sample areas taken from Çubuk Stream (Figure 1). Çubuk Stream, 
which is used as irrigation water in these areas. is classified as salty waters 
according to the average value of EC (EC:941) (C3 class EC: 750-2250). 

According to SWQR, surface waters with pH values between 6.5 and 8.5 do 
not pose a problem in pollution (Figure 2). 

BOD5, which is the parameter that gives information about the oxygen 
amount in water quality parameters, was measured as 8.5 mg/l at the exit of 
the first station. Çubuk 2 Dam, in the average values of BOD5 of the water 



ÇUBUK STREAM POLLUTION AND ENVIRONMENTAL EFFECTS 196 

samples taken from the Çubuk Stream in 2012-2013. According to this 
value, in the quality criteria according to SWQR II. quality class water. It 
was measured as 22.5 mg/l at station 2 and 42.5 mg/l at station 3. According 
to these values, IV. quality class water (Figure 3). The average BOD of >20 
in Çubuk Stream is also (22.5) IV. shows the quality class water feature. 

The average Boron value of Çubuk Stream was measured as 0.145 μg/l 
(Figure 4). It was determined that the boron concentration was higher 
especially in the second station. The second station is near a food factory 
where boron is widely used. Boron level less than 1 μg/l is a tolerable 
amount in water pollution. 

In Çubuk Stream phosphate values, average phosphate values of 4 months 
between 2012 and 2013; 1st station is 0.07 mg/l. 2nd station is 0.075 mg/l. 3rd 
station is 0.080 mg/l. The average annual value of the three stations is 0.075 
mg/l. In addition, according to Figure 5. water samples were taken at 
different seasonal temperatures and the phosphate values were highest in 
august. when the temperature was the highest; It was observed that the 
temperature was lower in January when the temperature was the lowest. 

The average sulfate rate of Çubuk Stream is 82.05 mg/l. Since it is lower 
than 200 mg/l according to this value of sulfate. it has class I water quality 
(SWQR, 2015). In addition, according to Figure 6. the water samples were 
taken at different seasonal temperatures and the sulfate values were highest 
in august. when the temperature was the highest. 

    

Figure 1. Çubuk Stream EC values ııı Figure 2. Çubuk Stream pH values  
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Figure 3. Çubuk Stream BOD5 values ı Figure 4. Çubuk Stream Boron values 

  

    

Figure 5. Çubuk Stream PO₄⁻³ values ı Figure 6. Çubuk Stream S⁻² values 

 
The toxicity of cyanide increases 2-3 times with every 10˚C increase in 
temperature [18]. According to Figure 7. the cyanide value is at a high level 
in the coldest winter season. The average cyanide rate in Çubuk Stream is 
0.006 μg/l. 

The average zinc ratio in the measurement made in Çubuk Stream is 0.545 
mg/l. In terms of this parameter. Çubuk Stream is III. class water quality. 
According to Figure 8. it is seen that the zinc value is at a high level in the 
autumn and winter seasons when the air temperature is low. 

The average zinc ratio in the measurement made in Çubuk Stream is 0.01 
mg/l. The average pH of Çubuk Stream is close to neutral. Therefore, Çubuk 
Stream is not under threat in terms of aluminum value. In addition, the 
change in the aluminum value of Çubuk Stream depending on the seasonal 
temperature is shown in Figure 9. 

Among the stations selected in Çubuk Stream, it was measured that the 3rd 
station region where the densest industrial area is located was higher than the 
other stations (average Fe: 0.13 mg/l at the 3rd station; average Fe: 0.1 mg/l 
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at the 2nd station; 1st station average Fe: 0.17 mg/l). The average Fe value of 
Çubuk Stream is 0.12 mg/l. Since the Fe value is less than 0.3 mg/l 
according to SWQR it has I. class quality water standards. Figure 10. shows 
the variation of iron ratio according to seasonal temperature. 

Average ammonium values of 3 months taken between 2012 and 2013; 1st 
station is 0.5 mg/l. 2nd station is 3.855 mg/l. 3rd station is 3.585 mg/l. It is 
seen that the ammonium value is at the highest value according to Figure 11. 

Nitrite values in this study we have done about Çubuk Stream: Average 
nitrite values of 4 months taken between 2012 and 2013; 1st station is 0.045 
mg/l. 2nd station is 0.44 mg/l. 3rd station is 0.02 mg/l. The variation of nitrite 
values depending on seasonal temperature is shown in Figure 12. According 
to SWQR the average nitrite concentration is 0.035 mg/l. in terms of this 
parameter II. class water quality. 

    
Figure 7. Çubuk Stream CN values ıııııı Figure 8. Çubuk Stream Zn values 

  

   
Figure 9. Çubuk Stream Al values ııııııı Figure 10. Çubuk Stream Fe values 
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Figure 11. Çubuk Stream NH₄⁺ values ı Figure 12. Çubuk Stream NO2ˉvalues 

 
The average nitrate level in Çubuk Stream was 1.283 mg/l. Especially, the 
nitrate concentration in the 2nd station area is higher than the other two 
stations (2nd station average nitrate value: 2.5 mg/l; 1st station average nitrate 
value: 0.55 mg/l; 3rd station average nitrate value: 0.8 mg/l). In addition, in 
the measurements made during the sampling from the 2nd station region 
macroscopically mossy layers were observed on the water surface in this 
region. We can say that there is water pollution due to eutrophication in the 
2nd station area. 

In Çubuk Stream, average nitrate values of 4 months taken between 2012 
and 2013; 1st station is 0.25 mg/l. 2nd station is 2.8 mg/l. 3rd station is 0.85 
mg/l. The variation of nitrate values depending on seasonal temperature is 
shown in Figure 13. As shown in Table 5 the average nitrate concentration 
of 0.95 mg/l according to the SWQR values indicates class I water quality in 
terms of this parameter. 

As a result of the measurements made in Çubuk Stream, the average Clˉ ions 
were measured as 13 mg/l at the 1st station, 90.5 mg/l at the 2nd station, and 
98 mg/l at the 3rd station. These values show direct proportion with EC. 
According to Figure 14, it is seen that the chloride value is high in the 
summer season when the temperature is high and the precipitation is low. In 
areas used as irrigation water. The amount of chloride should be kept under 
control. High chloride concentration damages many trees and plants [18]. 
The average value of the chloride ion (84 mg/l) less than 200 mg/l shows I. 
class water quality according to SWQR. 

The average fluoride value measured in Çubuk Stream is 0.105 mg/l. The 
0.23 mg/l fluoride rate should be controlled. Especially in the industrial 
areas where agricultural areas are concentrated and Çubuk Stream is used as 
irrigation water in the second station area which is dense. The variation of 
fluoride values depending on seasonal temperature is shown in Figure 15. 
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Clay soils and areas that will be irrigated for less than 20 years should be 
preferred when using the analyzed regions in Çubuk Stream as irrigation 
water. In addition, the variation of copper values depending on seasonal 
temperature is shown in Figure 16. 

The average lead value in Çubuk Stream is 0.117. It can be said that this 
environment is not conducive to the survival of sensitive macro organisms. 
The variation of lead values depending on the seasonal temperature is shown 
in Figure 17. 

The fact that the cadmium values were measured as <0.1 in all three stations 
selected from the Çubuk Stream shows that there is a water value with 
acceptable standards in terms of this parameter. The variation of cadmium 
values depending on seasonal temperature is shown in Figure 18. 

     
Figure 13. Çubuk Stream NO3

− values ıı Figure 14. Çubuk Stream Cl− values 

   

    
Figure 15. Çubuk Stream F− values ııı Figure 16. Çubuk Stream Cu values 

 
 
 

 

 



T. ATICI, D. BALOĞLU-ONGAR 201

    
Figure 17. Çubuk Stream Pb values ııı Figure 18. Çubuk Stream Cd values 

 
The average chromium value of Çubuk Stream was measured as 0.1 μg/l. It 
can be said that this value will not adversely affect the activities of 
organisms in Çubuk Stream. According to Figure 19 it is seen that the 
chromium value is also high in the summer season when the seasonal 
temperature is the highest. 

The average concentration of nickel in Çubuk Stream is 0.12 μg/l. This ratio 
shows that nickel will not harm the aquatic ecosystem. According to Figure 
20 it is seen that the nickel value is high in the summer season when the 
seasonal temperature is the highest. 

The average manganese density of Çubuk Stream is 0.035 mg/l. In terms of 
this ratio manganese cannot be considered to be harmful when used as 
irrigation water and considering the vital activities of other microorganisms 
in Çubuk Stream. According to Figure 21 it is seen that the manganese value 
is high in the summer season when the seasonal temperature is the highest. 

    
Figure 19. Çubuk Stream Cr values ııı Figure 20. Çubuk Stream Ni values 
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Figure 21. Çubuk Stream Manganese values 

 

According to the data obtained there are differences in the quality of Çubuk 
Stream during 2012-2013. These differences are mostly due to seasonal 
factors such as precipitation heat and temperature. In Çubuk Stream has been 
determined that it is polluting in terms of electrical conductivity and chlorine 
by looking at the average values of some physical and chemical properties. 
EC and Cl depend on the amount of dissolved substance in the water [20]. 
At the 3rd station EC and Cl parameters are in class 4 water quality according 
to SWQR there are greenhouse zones near this station. Compared to works 
[21] it is seen that there is a decrease in the sulfate rate in Çubuk Stream. 
The mixing of domestic and industrial wastewater into the surface waters 
increases the salt content of sulfate in the water. Especially when they are 
used as irrigation water they will adversely affect the soil and therefore the 
plant community in that region. Growing salt-tolerant plants in these regions 
provides healthier agricultural production. Water with this feature. which is 
used as irrigation water, is used in soils with medium and good permeability. 
In addition, regular soil washing programs should be followed to prevent salt 
accumulation in these soils. 

Its pH was measured at 7.7 compared to works [16-21] with previous studies 
it has been determined that pH approaches neutral values over time (Table 6 
and Table 7). The fact that the pH is at basic values increases the 
eutrophication event that causes water pollution [5]. The fact that Çubuk 
Stream reached a neutral value over time compared to the water samples 
taken in 2012-2013 suggests that eutrophication may have decreased.  

According to SWQR, in terms of BOD5 parameter it is IV class water 
quality. When studies in similar locations were compared according to 
works [16-21]   an increase was found in the values for the BOD5 parameter. 
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This increase may adversely affect the aerobic organisms in the water. It can 
also inhibit the completion of nitrification. When the previous studies are 
compared according to [17] a decrease in the values has been detected 
Ankara Stream the continuation of Çubuk Stream may have been exposed to 
more pollutants. 

The average sulfur value measured in Çubuk Stream is 0.035 mg/l (Figure 
7). Based on stations the region where the industrial zone and houses are 
most concentrated is the 3rd station. Considering that this station is exposed 
to domestic and industrial pollution at a higher rate than the other two 
stations it has an above-average sulfur content. 

As a result of the measurements, it was determined that the ammonium 
concentration of the 2nd and 3rd stations was higher than the 1st station. In 
addition, it is seen that the ammonium values at the 2nd station are higher 
than the ammonium values at the 1st and 3rd stations in all 3 months of the 
measurement. Fertilizer, nitrocellulose, leather, food, beer, water industries 
and slaughterhouses are industrial establishments with a high nitrogen load 
[20]. 

Station 2 is next to a food factory, this suggests the possibility that industrial 
waste and fertilizers, which contain abundant nitrogenous compounds may 
have mixed with Çubuk Stream. Due to the large number of slaughterhouses 
in this location, this suggests that the wastes of these slaughterhouses may 
have been mixed into Çubuk Stream.  

The average ammonium value of Çubuk Stream is at the 2nd and 3rd stations 
according to SWOR, IV. class water quality, at the 1st station II. class water 
quality. Çubuk Stream Average ammonium value of 3 stations (2.34 mg/l) 
IV. class water quality. According to the previous studies [16] water which 
has not changed much in the NH4-N ratio is in terms of this parameter IV 
class water quality. According to works [17] the value decreased from 8.55 
mg/l to 3.585. The reason for this decrease may be that Çubuk Stream 
merges with Hatip Stream while forming Ankara Stream and nitrogen 
pollutants in Hatip Stream may be high. 

As a result of the measurements it is seen that the average nitrite density of 
the 2nd station is higher than the other two stations. This may be related to 
the fact that the area where the slaughterhouses and industrial factories are 
concentrated is the 2nd station region and the waste water is discharged to 
Çubuk Stream. The fact that the nitrite ratio is higher than nitrate in water 
indicates that life is limited in aerobic conditions [7]. At the same time, 
according to the 2012-2013 values of Çubuk Stream, ammonium from 
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nitrite; the fact that the nitrite is higher than the nitrate amount proves the 
incomplete nitrification event. It also allows us to predict that nitrosomanas 
bacteria may be more than nitrobacteria in Çubuk Stream. 

It was measured that the chromium value at the 3rd station was higher than 
the 2nd station and the 2nd station value was higher than the 1st station value. 
The fact that the 2nd station and 3rd station regions of the three selected 
stations in Çubuk Stream are industrial zones supports the possibility of 
these factories to discharge their wastewater into Çubuk Stream. 

The amount of zinc element, which is one of the trace elements is 0.545 mg/l 
in Çubuk Stream. In terms of this parameter Çubuk Stream is III. class water 
quality, 2nd station IV class water quality. If the zinc ratio exceeds 2.0 g/l in 
surface waters, it may cause chlorosis problem in plants. If Çubuk Stream 
will be used as irrigation water in the 2nd and 3rd station regions these 
environments must be clayey soils [2]. According to the result, the treatment 
plants established close to these regions should also provide treatment to 
reduce the amount of heavy metals. 

The amount of phosphate decreased according to some works [16]. The 
increase in phosphate value in surface waters causes the reproduction of 
organisms, especially algae, in the water [5]. With the opening of wastewater 
treatment plants in the region, it can be predicted that eutrophication due to 
the amount of phosphate will decrease.  

NH4-N/PO4 ratio is used to determine the limiting nitrogen and phosphate 
elements of eutrophication [22]. If NH4-N/PO4 > 20, the system is restricted 
by phosphorus and when NH4-N/PO4 < 5, the system is restricted by 
nitrogen. According to previous studies, NH4-N/PO4 = 20.7; According to 
after studies, NH4-N/PO4 = 2.34; during 2012 – 2013, Çubuk Stream was 
measured at NH4-N/PO4 = 48 values. According to the 2012-2013 NH4-
N/PO4 values and Çubuk Stream the system is limited by nitrogen. 
According to Atıcı and Ahıska [17] the system is limited by phosphate. 

In this study on the pollution of Çubuk Stream, higher quality water can be 
supplied to the region with the wastewater treatment plants established in 
2009. Treatment facilities were established with the aim of reducing the 
nitrate nitrogen and phosphate ratio in the use of Çubuk Stream as irrigation 
water for the region [13]. Our study result supported the confirmation of this 
aim. A similar study was conducted in St. Johns River (LSJR), located in 
Florida and the causes of pollution in rivers were determined [23], and 
China's Guanzhong Basin, similar studies have been carried out to see how 
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the emergence of the pollution load in the groundwater with the increase in 
population creates the results. [24]. 

While the 1st station was more distant from the anthropogenic effect in the 
3rd stations studied. The 3rd station was more affected by this effect. 
Therefore, people need to be made aware of this issue. A regional public 
service announcement can be created regarding this. Information can be 
given in local newspapers. Likewise, in the 2nd station area where industrial 
establishments are concentrated. Inspections should be made more 
frequently for establishments that cause pollution. These are important for 
the future and sustainability of Çubuk Stream. No unexpected pollutants 
from chemical and physical parameters were detected in Çubuk Stream. This 
study is important because it will contribute to the country's economy in 
determining the factors that cause pollution in matters related to water 
pollution and will contribute to the scientific literature in studies on 
wastewater treatment applications. 
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